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Mirrored-self misidentiﬁcation delusion is the belief that one’s reﬂection in the mirror is
not oneself. This experiment used hypnotic suggestion to impair normal face processing in
healthy participants and recreate key aspects of the delusion in the laboratory. From a pool
of 439 participants, 22 high hypnotisable participants (“highs”) and 20 low hypnotisable
participants were selected on the basis of their extreme scores on two separately
administered measures of hypnotisability.These participants received a hypnotic induction
and a suggestion for either impaired (i) self-face recognition or (ii) impaired recognition of all
faces. Participants were tested on their ability to recognize themselves in amirror and other
visual media – including a photograph, live video, and handheld mirror – and their ability to
recognize other people, including the experimenter and famous faces. Both suggestions
produced impaired self-face recognition and recreated key aspects of the delusion in highs.
However, only the suggestion for impaired other-face recognition disrupted recognition of
other faces, albeit in a minority of highs. The ﬁndings conﬁrm that hypnotic suggestion
can disrupt face processing and recreate features of mirrored-self misidentiﬁcation. The
variability seen in participants’ responses also corresponds to the heterogeneity seen in
clinical patients. An important direction for future research will be to examine sources of
this variability within both clinical patients and the hypnotic model.
Keywords: delusion, face perception, hypnosis, instrumental hypnosis, mirror sign, mirrored-self misidentification,
self-recognition, visual self-recognition
INTRODUCTION
Hypnotic suggestions can temporarily disrupt or alter many cog-
nitive processes (Hilgard, 1965; Kihlstrom, 1985, 2007; Oakley
and Halligan, 2009, 2013). In visual perception, for example, spe-
ciﬁc hypnotic suggestions can cause participants to hallucinate
(Szechtman et al., 1998), become blind (Bryant and McConkey,
1999), or selectively ignore particular areas of their visual ﬁeld
(Oakley and Halligan, 2009; Priftis et al., 2011). These experi-
ences can be very compelling – to the point that many participants
have difﬁculty distinguishing the hypnotically suggested alter-
ations from reality (Woody and Szechtman, 2000, 2011; Bryant
and Mallard, 2003) – yet are completely reversible (Hilgard, 1965;
Kihlstrom, 1985, 2007). In some cases, these alterations may
even reﬂect changes to otherwise automatic cognitive processes
(Lifshitz et al., 2013). Hypnotic suggestion is thus a powerful
tool to manipulate and study cognition (Oakley and Halligan,
2009, 2013). One such application is in the study of clinical
disorders (Kihlstrom, 1979). In previous work, we used hyp-
notic suggestion to disrupt self-recognition and “model” the
neuropsychiatric mirrored-self misidentiﬁcation delusion, the
belief that one’s reﬂection in the mirror is a stranger (e.g.,
Connors et al., 2012a). The current experiment extends this work
by using hypnotic suggestion to disrupt face processing while test-
ing both self-recognition and face recognition across different
visual media.
MODELLING MIRRORED-SELF MISIDENTIFICATION DELUSION
Mirrored-self misidentiﬁcation delusion commonly occurs in
dementia. Approximately 2–7% of patients with Alzheimer’s dis-
ease misidentify their own reﬂection in the mirror (see Connors
and Coltheart, 2011; Connors et al., in press-b). The delusion can
also occur in schizophrenia (Gluckman, 1968) and after stroke
(Villarejo et al., 2011). Patients vary in their reactions to the
“stranger.” Some patients treat their reﬂection as a companion
(Phillips et al., 1996). Other patients remain indifferent (Breen
et al., 2001) or are deeply suspicious of the stranger (Gluckman,
1968). The delusion can occur despite intact semantic knowl-
edge of mirrors (e.g., being able to deﬁne their properties and
function; Breen et al., 2001). The delusion can also occur despite
an ability to accurately recognize other people’s reﬂections in the
mirror (Spangenberg et al., 1998; Breen et al., 2001; Villarejo et al.,
2011).
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The inﬂuential two-factor theory of clinical delusions provided
by Langdon and Coltheart, 2000 (see also Coltheart et al., 2011)
proposes that two separate factors are necessary for a delusion. The
ﬁrst factor (Factor 1) explains the content of a delusion and typi-
cally involves some type of perceptual and/or emotional anomaly.
In the case of mirrored-self misidentiﬁcation, either impaired face
processing (which leads to a difﬁculty in recognizing one’s own
face in the mirror) or mirror agnosia (an inability to use mir-
ror knowledge when interacting with mirrors) can lead to the
idea that there is a stranger in the mirror (Breen et al., 2001).
The second factor (Factor 2) explains why the delusion is main-
tained and involves a deﬁcit in belief evaluation. This second factor
accounts for why some patients with impaired face processing
or mirror agnosia develop a delusion and others do not (for a
description of patients with these deﬁcits without the delusion,
see Ellis and Florence, 1990; Connors and Coltheart, 2011). The
second factor may result from damage to the prefrontal cortex.
This damage may be speciﬁc to the right dorsolateral prefrontal
cortex (Coltheart, 2010), though it might also involve other areas,
such as the ventromedial prefrontal cortex (Gilboa, 2010; Turner
and Coltheart, 2010) or right inferior frontal gyrus (Sharot et al.,
2011).
Delusions are difﬁcult to study because of co-occurring symp-
toms and impairments. Mirrored-self misidentiﬁcation delusion,
in particular, is difﬁcult to study because of the cognitive and
neurological deterioration associated with dementia. Hypnotic
suggestion allows researchers to recreate critical aspects of the
delusion while avoiding some of these challenges (Kihlstrom,
1979; Kihlstrom and Hoyt, 1988; Cox and Barnier, 2010; Con-
nors, 2012). Hypnotic suggestion is able to recreate many of
the “surface features” of mirrored-self misidentiﬁcation. The
majority of high hypnotisable participants (“highs”), for exam-
ple, who are hypnotized and given a suggestion to see a
stranger in a mirror, report this experience and show fea-
tures strikingly similar to clinical patients (Barnier et al., 2008,
2011). Participants, for example, maintain this belief when chal-
lenged and interact with their reﬂection as if it were another
person.
Hypnosis may also be able to model the underlying neuropsy-
chological processes of mirrored-self misidentiﬁcation delusion
as speciﬁed by the two-factor theory. Whereas a suggestion for
impaired face processing or mirror agnosia may produce the
content of the delusion (Factor 1), hypnosis by itself may dis-
rupt belief evaluation (Factor 2; Connors et al., 2012a,b, 2013).
People tend to accept ideas during hypnosis that they would
normally reject in an ordinary, everyday state of consciousness
(Shor, 1959). In support of this, previous research has shown
that a hypnotic induction by itself reduces the ability of highs to
distinguish between suggested and real events (Bryant and Mal-
lard, 2003); encourages more holistic, rather than detail-oriented,
processing of visual memory (Crawford and Allen, 1983); and
affects brain areas, such as the upper pons, thalamus, rostral
areas of the right anterior cingulate cortex, prefrontal cortex,
and right inferior parietal lobule, that are involved in atten-
tion, absorption, and critical thinking (Rainville et al., 2002;
Oakley, 2008; Deeley et al., 2012). Our previous research has
compared participants given suggestions either with or without
hypnosis to manipulate Factor 2 and demonstrated that hypno-
sis is necessary for most participants to experience the delusion
(Connors et al., 2012a, 2013). Speciﬁc suggestions within hypno-
sis may thus allow researchers to create a laboratory model of
mirrored-self misidentiﬁcation and hence the unique opportu-
nity to investigate selective cognitive inﬂuences in a controlled
manner.
RESPONSES TO DIFFERENT VISUAL MEDIA
Given the apparent success of the hypnotic modeling paradigm
so far, the current experiment aimed to better deﬁne some of the
parameters of hypnotic mirrored-self misidentiﬁcation. In par-
ticular, we focused on the impaired face processing (Factor 1)
thought to be responsible for the delusion’s content and sought
to extend previous research in three ways. First, we examined
whether hypnotic disruptions to self-face recognition generalized
to include other visual media. This is directly relevant to the clin-
ical disorder. Some patients with mirrored-self misidentiﬁcation,
for example, remain able to recognize themselves in photographs
(Phillips et al., 1996; Breen et al., 2001) and small, handheld mir-
rors (Kumakura, 1982; Feinberg, 2001). Other patients, however,
fail to recognize themselves in photographs (Biringer et al., 1991)
or in any type of mirror or reﬂective surface (Gluckman, 1968;
Spangenberg et al., 1998). In healthy participants, there is also
evidence that self-face recognition in photographs involves dif-
ferent neural mechanisms to mirror images (Butler et al., 2012;
Suddendorf and Butler, 2013).
Second, we examined whether the hypnotic mediated disrup-
tions to face processing affected recognition of other people’s faces.
In the clinical condition, patients with mirrored-self misidentiﬁ-
cation vary to the extent that they can recognize images of other
people. Whereas some patients recognize people other than them-
selves in the mirror (e.g., Spangenberg et al., 1998; Breen et al.,
2001; Van den Stock et al., 2012), other patients report that all
people in the mirror are strangers (Phillips et al., 1996; Breen et al.,
2001). Somepatients are also impaired in recognizing famous faces
(Breen et al., 2001). The current experiment therefore examined
whether participants recognized thehypnotist in themirror, a pho-
tograph of person familiar to them (their lecturer), and a series of
famous faces.
Finally, we attempted to create a more general deﬁcit in face
processing and examined whether the type of impairment spec-
iﬁed in the hypnotic suggestion affected participants’ responses.
This is theoretically important because there are different views
on the type of face processing deﬁcit responsible for mirrored-
self misidentiﬁcation. The account by Phillips et al. (1996) implies
that a deﬁcit speciﬁc to self-face recognition is responsible for the
content of the delusion and explains why some patients can recog-
nize other people in the mirror but not themselves. An alternative
account by Breen et al. (2001; see also Langdon, 2011), however,
suggests that a more general face processing deﬁcit is responsible
for the content of thedelusion and is evident inneuropsychological
tests of face processing in some patients. Against this background,
this experiment compared two suggestions to help disambiguate
different types of face processing deﬁcit. The ﬁrst suggestion was
the Factor 1 suggestion for impaired face processing used in previ-
ous work (Connors et al., 2012a, 2013, in press-a). This suggestion
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indirectly implied that participants would only fail to recognize
their own face in the mirror, so is referred to here as the sug-
gestion for impaired self-face recognition. The second suggestion
was a new suggestion designed to impair recognition of all faces.
It is referred to here as the suggestion for impaired general-face
recognition.
OVERVIEW OF THE CURRENT EXPERIMENT
A hypnotist provided high and low hypnotisable participants
with a hypnotic induction and either a suggestion for impaired
self-face recognition or a suggestion for impaired general-face
recognition. The experimenter then asked participants to iden-
tify who they saw in a mirror and in a series of photographs that
included participants’ own photograph and a photograph of a
high proﬁle lecturer from their psychology course. The experi-
menter then tested participants’ ability to recognize famous faces
in a forced-choice familiarity test (see Young and De Haan, 1988;
Rivolta et al., 2010, 2012). After this, the experimenter tested
whether participants could identify themselves in a live video
image and then a handheld mirror. Next, to assess participants’
understanding of mirrors, the experimenter asked them to deﬁne
mirrors and to touch a ball that was only visible by its reﬂec-
tion in the mirror on the wall (see Connors and Coltheart, 2011).
Finally, the experimenter tested participants’ ability to recognize
the hypnotist in the mirror when the hypnotist stood next to
them.
This order of tests was not counterbalanced as previous work
suggested that some challenges were more likely to break down
the delusion than others (Barnier et al., 2011; Connors et al.,
2012a). As a result, the tests were presented in a ﬁxed order,
starting with those considered to be least confronting and ending
with the most confronting. It was expected that both sugges-
tions would generate mirrored-self misidentiﬁcation in highs, but
not lows. In particular, it was expected that whereas highs given
the suggestion for impaired self-face recognition would be able
to recognize themselves in the other visual media and recognize
other faces, highs given the suggestion for impaired general-face
recognition would not recognize themselves or other faces in any
media.
MATERIALS AND METHODS
PARTICIPANTS AND DESIGN
Participants were selected from a pool of 439 students (101 males,
318 females, 20 not disclosed) of mean age 22.06 years (SD = 6.25)
on the basis of a 10-item modiﬁed version of the Harvard Group
Scale of Hypnotic Susceptibility, FormA (HGSHS:A; Shor andOrne,
1962). High scorers (participants who scored 7 or greater) and
low scorers (participants who scored 3 or less) were invited to
participate in the current experiment, which also included an 11-
item modiﬁed version of the Stanford Hypnotic Susceptibility Scale,
Form C (SHSS:C; Weitzenhoffer and Hilgard, 1962)1 in the same
session. Participants received payment ($20 for 1.5 h) for their
1The 10-item modiﬁed HGSHS:A included: head falling, eye closure, hand lower-
ing, ﬁnger lock, moving hands together, communication inhibition, experiencing of
ﬂy, eye catalepsy, posthypnotic suggestion, and posthypnotic amnesia; arm rigidity
and arm immobilization items were removed to ensure that the procedure could
be conducted within the time limits of a 1 h class. The 11-item tailored SHSS:C
involvement. A total of 51 participants (16 males, 35 females)
of mean age 21.92 years (SD = 6.10) completed this session.
Only participants who scored in the range 7–11 (highs) or 0–3
(lows) on both the HGSHS:A and SHSS:C were included in the
analyses.
The ﬁnal sample consisted of 22 highs (8 males, 14 females)
of mean age 21.32 years (SD = 3.85), and 20 lows (7 males, 13
females) of mean age 21.15 years (SD = 5.28). Highs had a mean
score of 8.05 (SD = 0.90) on the HGSHS:A and 8.91 (SD = 1.23)
on the SHSS:C. Lows had a mean score of 1.60 (SD = 1.19) on
the HGSHS:A and 1.55 (SD = 1.19) on the SHSS:C. Participants
were tested in a 2 (hypnotisability: high vs. low) × 2 (suggestion:
impaired self-face recognition vs. impaired general-face recog-
nition) between-subjects design. Participants were asked not to
participate if they had any ongoing psychological condition, prob-
lems with substance abuse, or if they had ever suffered a serious
head injury or neurological illness. All participants provided writ-
ten informed consent. Research was approved by the Macquarie
University Human Research Ethics Committee.
MATERIALS AND PROCEDURE
The hypnotist tested participants individually in a 90 mins ses-
sion. This session consisted of an experimental session and a
postexperimental inquiry. Both the experimental session and the
postexperimental inquiry were recorded using a video camera.
Experimental session
Before the experiment, the hypnotist brieﬂy explained the exper-
iment and obtained participants’ informed consent. Next, the
hypnotist took participants’ photograph using a digital camera.
The hypnotist then printed the photograph, unbeknownst to par-
ticipants, who were occupied completing payment forms. To do
this, the hypnotist used a Canon Selphy CP780 compact photo
printer to produce a standard 14.8 cm × 10.0 cm color photo-
graph. Once printed, the photograph was placed in a photo album
containing nine other photographs of faces that were produced
using the same camera and printer.
Thehypnotist then administered a standardhypnotic induction
(∼10 min, from the SHSS:C; Weitzenhoffer and Hilgard, 1962).
The hypnotist administered the ﬁrst 10 items from the SHSS:C
and scored participants’ responses.
Suggestion. After these items, the hypnotist uncovered a mirror
(∼40 cm × 50 cm) that was mounted on a wall next to the partic-
ipants’ chair. The mirror was positioned so that participants could
look directly into it by turning their head to the left and leaning
slightly forward (see Figure 1). The hypnotist gave participants
one of two suggestions for a deﬁcit in face processing. Partici-
pants were randomly assigned to receive either the suggestion for
impaired self-face recognition (11 highs, 10 lows) or the sugges-
tion for impaired general-face recognition (11 highs, 10 lows). The
suggestion for impaired self-face recognition was:
included: hand lowering, moving hands apart, mosquito hallucination, taste hallu-
cination, arm rigidity, dream, age regression, arm immobilization, anosmia, negative
visual hallucination, and posthypnotic amnesia; the auditory hallucination item was
removed to ensure that the procedure could be conducted within the time limits of
a 1 h individual session.
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FIGURE 1 |Topographical view of materials in the experiment.The mirror was covered with a screen when the participant entered the room. The computer
was positioned at 45◦ from the participant’s chair, though the participant could rotate their chair to face the screen directly.
When you look to your left, there will be a mirror there, and you will see
a person in it. When you see this person in the mirror, you will not be
able to recognize this person. When you open your eyes and turn your
head to your left, whilst remaining as deeply relaxed and comfortably
hypnotized as you feel now, you will see a face in the mirror that you
will not be able to identify, as if you have never seen this face before.
The suggestion for impaired general-face recognition was:
When you look to your left, there will be a mirror there, and you will
see a person in it. When you see this person in the mirror, you will
not be able to recognize this person. In fact, when you open your eyes
and look around, you will not be able to recognize any person you see.
That’s right, whenever you see a face, it will seem unfamiliar to you and
you will not be able to recognize who it is. When you open your eyes
whilst remaining as deeply relaxed and comfortably hypnotized as you
feel now, all faces will seem unfamiliar to you and you will not be able
to recognize them.
The hypnotist checked that participants understood the sugges-
tion. The hypnotist then asked participants to slowly open their
eyes, turn their head to the left, and look into the mirror.
Test 1: mirror 1. The hypnotist asked participants to identify who
they saw in the mirror and to brieﬂy describe them. If participants
reported seeing someone other than themselves, the hypnotist
asked participants if they had ever seen this person before.
Test 2: photograph. The hypnotist handed participants a photo
album that contained the participants’ photograph and nine other
photos (eight of unfamiliar faces, one of their lecturer’s face) in one
of four ﬁxed randomized orders. The hypnotist asked participants
to look at each photo one at a time and to indicate whether the
face was familiar or unfamiliar. If participants reported that a face
was familiar, the hypnotist asked participants who the person was.
When this was completed, the hypnotist took the photo album
from participants and asked participants to close their eyes.
Test 3: Famous faces. The hypnotist placed a keyboard on partici-
pants’ lap and started the forced choice familiarity task of famous
faces on the computer (see Rivolta et al., 2012, for more detail). As
shown in Figure 1, the computer was positioned in the room
approximately 45◦ to the participants’ right; participants were
asked to swivel their chair to face the screen directly. The hyp-
notist explained to participants that two faces would appear on
the computer screen at the same time. One face would belong to
someone famous; the other face would belong to someone who
was not famous. Participants had to indicate using the keyboard
which face was the famous face – that is, whether they thought the
famous face was on the left or on the right. The task had 30 trials
and involved 30 sets of faces: 30 famous faces (actors, politicians,
and musicians who were well known to Australian participants)
and 30 unfamiliar faces matched as closely as possible for age, sex,
and attractiveness. The famous faces included Jennifer Aniston,
Tony Blair, Sandra Bullock, George Bush, Nicholas Cage, Prince
Charles, Bill Clinton, George Clooney, Kevin Costner, Tom Cruise,
RobertDeNiro, JohnnyDepp,CameronDiaz, LeonardoDiCaprio,
Clint Eastwood, Queen Elizabeth II, Mel Gibson, Hugh Grant,
Tom Hanks, Paris Hilton, Dustin Hoffman, John Howard, Nicole
Kidman, Madonna, Kylie Minogue, Brad Pitt, Julia Roberts, John
Travolta, Robin Williams, and Catherine Zeta-Jones. The faces
were presented as black and white photographs, approximately
10 cm high, on a 51 cm × 32 cm (24′′) Macintosh computer
screen. The order and positioning (left vs. right) of the famous
faces were randomized. Participants were approximately 50 cm
from the computer screen and gave their responses by pressing rel-
evant keys on the keyboard. There was no time limit on responses;
once a response was selected, the next set of faces appeared. The
hypnotist told participants they should try to be as accurate as
they could and that if they were unsure they should guess (there
was no emphasis on speed). After these instructions, the hypnotist
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asked participants to open their eyes and begin the task. When
the task was completed, the hypnotist took the keyboard from
participants.
Test 4: mirror 2. The hypnotist asked participants to look again
at the mirror on their left and to identify who they saw. This was
done to see whether participants maintained their delusion after
the famous faces task.
Test 5: video. The hypnotist activated a live video feed of the
participants’ face and shoulders on the computer screen. This
required a second video camera, focused on participants, which
was concealed above the computer screen. The hypnotist asked
participants to look at the computer screen and identify who they
saw. The hypnotist then turned off the computer screen.
Test 6: handheld mirror. The hypnotist gave participants a hand-
held mirror to hold and asked them to identify who they saw in it.
The hypnotist then took the handheld mirror from participants.
Test 7: mirror agnosia. The hypnotist ﬁrst asked participants to
deﬁne what mirrors are. The hypnotist then held a plastic ball,
slightly larger than a tennis ball, above participants’ shoulder
and asked them to touch the ball. The hypnotist looked to see
whether participants reached towards the ball or towards the ball’s
reﬂection in the mirror (as in mirror agnosia; see Connors and
Coltheart, 2011).
Test 8: mirror 3 and hypnotist’s reﬂection. The hypnotist asked
participants to once again look at the mirror on the wall to
their left. The hypnotist then moved position so that participants
could see the hypnotist’s reﬂection in the mirror. The hypnotist
asked participants who they saw. If participants reported seeing
the hypnotist but not themselves, the hypnotist asked them to
explain how they could see the hypnotist but not themselves.
The hypnotist then touched participants on the shoulder while
they were looking in the mirror and asked participants what
happened.
Cancellation and deinduction. The hypnotist canceled the sug-
gestion by telling participants that everything was back to normal
and that theywere able to recognize themselves andother faces, just
as they always had been able to. The hypnotist asked participants
to look in the mirror once more and checked that they could rec-
ognize themselves. Next, the hypnotist gave participants the ﬁnal
SHSS:C suggestion for posthypnotic amnesia and administered the
SHSS:C deinduction, which involved gradually awakening partic-
ipants as the hypnotist counted from 20 to 1. The hypnotist then
tested and canceled participants’ posthypnotic amnesia.
Postexperimental inquiry
For all media (mirror, photograph, video, handheld mirror), the
hypnotist asked participants to describe their experience of look-
ing at it and to rate the extent to which they believed that they
were looking at a stranger (1 = not at all, 7 = completely). The
hypnotist also asked participants to repeat the famous faces task to
assess whether participants showed different responses when not
affected by hypnosis or suggestion. Finally, the hypnotist debriefed
participants and thanked them for their time.
Coding of responses
After testing all participants, the hypnotist and a rater (who was
unaware of the aims of the experiment and the conditions inwhich
participants were tested) independently examined the videotape
records of the experiment. The two raters scored whether or not
participants recognized themselves in each of the different visual
media. The raters also scored whether or not participants rec-
ognized their lecturer in a photograph and the hypnotist in the
mirror. Interrater reliability was 100%.
RESULTS
EXPERIENCING THE DELUSION
Participants were scored as passing the suggestion if they identiﬁed
their reﬂection in the mirror as someone other than themselves.
Overall, 9 (82%) highs given the suggestion for impaired self-face
recognition and 5 (46%) highs given the suggestion for impaired
general-face recognition passed the suggestion. Fisher’s exact test
showed that this difference did not reach statistical signiﬁcance,
p = 0.18. No lows passed the suggestion. The 14 highs who
reported seeing a stranger were asked if they had ever seen this
person before. Of these, 10 (71%; 8 impaired self-face recogni-
tion, 2 impaired general-face recognition) said they had never
seen the person before, 2 (14%; 2 impaired general-face recog-
nition) said they had seen the person before, and 2 (14%; 2
impaired self-face recognition) were unsure. Consistent with pre-
vious research (Connors et al., 2013, 2014), a post hoc analysis
revealed that highs who passed the suggestion had higher SHSS:C
scores than highs who failed the suggestion, F(1,18) = 4.56,
p = 0.05, η2p = 0.20, but did not differ on HGSHS:A scores,
F(1,18) = 0.24, p = 0.63, η2p = 0.01. The remainder of the results
focus on the highs who passed the suggestion unless otherwise
speciﬁed.
RESPONSE TO THE DIFFERENT MEDIA
The responses of participants to the different visual media are
shown in Table 1. Participants were scored as being impaired on
these tests if they failed to identify themselves. Statistical com-
parisons using Fisher’s exact test revealed that more highs given
the impaired self-face recognition suggestion failed to recognize
themselves in the photograph (p = 0.02) and in the mirror the sec-
ond time it was presented (p = 0.02) than highs who received the
impaired general-face recognition suggestion. Therewas, however,
no differences between suggestions in terms of highs’ responses to
the video (p = 0.15), handheld mirror (p = 0.59), or the mirror
on its third presentation (p = 1.00).
Overall, three highs (27%) given the impaired self-face recogni-
tion suggestion and one high (9%) given the impaired general-face
recognition suggestion failed to recognize themselves in all visual
media – these four highs maintained the suggested experience
across all tests. In contrast, two highs (18%) given the impaired
self-face recognition suggestion and six highs (55%) given the
impaired general-face recognition suggestion recognized them-
selves in all visual media – these eight highs failed the suggested
experience. The remaining six highs (55%) given the impaired
self-face recognition suggestion and four highs (36%) given
the impaired general-face recognition suggestion showed mixed
responses – these ten highs recognized themselves in some media
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Table 1 |The number and percentage of participants who failed the visual tests.
Highs Lows
Impaired
self-face
(n = 11)
Impaired
general-face
(n = 11)
Impaired
self-face
(n = 10)
Impaired
general-face
(n = 10)
1. Mirror 1 9 (82%) 5 (45%) 0 (0%) 0 (0%)
2. Photograph 7 (64%) 1 (9%) 0 (0%) 0 (0%)
Lecturer’s photograph 3 (27%) 5 (45%) 2 (20%) 2 (20%)
3. Famous Faces 0 (0%) 2 (18%) 0 (0%) 0 (0%)
4. Mirror 2 7 (64%) 1 (9%) 0 (0%) 0 (0%)
5. Video 5 (45%) 1 (9%) 0 (0%) 0 (0%)
6. Handheld mirror 3 (27%) 1 (9%) 0 (0%) 0 (0%)
7. Mirror agnosia* 0 (0%) 0 (0%) 0 (0%) 0 (0%)
8. Mirror 3 3 (27%) 1 (9%) 0 (0%) 0 (0%)
Hypnotist in mirror 0 (0%) 1 (9%) 0 (0%) 0 (0%)
Tests in italics involved recognition of other people; *test does not involve self or other recognition.
but not others. Some of these highs initially failed to recognize
themselves in the mirror but breached the suggested experience
during the course of the experiment. In the case of the impaired
self-face recognition suggestion, two of the nine highs (22%) who
initially passed the suggestion reported recognizing themselves
in the mirror the second time it was presented. In the case of
the impaired general-face recognition suggestion, four of the ﬁve
highs (80%) who initially passed the suggestion reported recog-
nizing themselves in the mirror the second time it was presented.
This left only one high given the impaired general-face recogni-
tion suggestion who failed to recognize themselves across different
visual media. These ﬁndings implied that the experience of the
impaired general-face recognition suggestion broke down more
quickly than the experience of the impaired self-face recognition
suggestion.
Despite this, highs given the impaired general-face recogni-
tion suggestion were more likely to not recognize other people
than highs given the impaired self-face recognition suggestion. A
greater proportion of highs who passed the impaired general-face
recognition suggestion failed to recognize their lecturer’s photo-
graph or the hypnotist in the mirror than highs who passed the
impaired self-face suggestion (Table 1). This difference between
suggestions was also evident in the famous faces task. Partici-
pants were scored as being impaired on the famous faces task
if their scores were at chance during the experiment, but sig-
niﬁcantly above it once the suggestion was canceled. As shown
in Table 1, two highs (18%) given the suggestion for impaired
general-face recognition met this criterion: They scored 10/30 and
14/30 during the experiment, but were unimpaired when they
repeated the task in the postexperimental inquiry and scored 30/30
and 28/30, respectively. In contrast, no highs given the impaired
self-face suggestion and no lows had difﬁculty completing the
famous faces task (for highs, M = 26.68, SD = 5.08; for lows,
M = 27.35, SD = 2.23). A repeated-measures ANOVA, however,
revealed no group differences between highs and lows or between
the two suggestions, most likely due to the small number of par-
ticipants experiencing these effects (all Fs < 3.22, all ps > 0.08, all
η2ps < 0.08).
All participants’ ratings of belief in the postexperimental
inquiry are shown in Table 2. Ratings across the different media
were compared using a mixed ANOVA with between-subject fac-
tors of hypnotisability (high vs. low) and suggestion (impaired
self-face recognition vs. impaired general-face recognition) and a
within-subject factor of visual media (mirror, photograph, video,
handheld mirror). In all media, highs rated their belief that they
were looking at a stranger higher than lows, F(1,38) = 33.77,
p < 0.01, η2p = 0.47. There was also a signiﬁcant difference
between visual media, F(3,38) = 11.25, p < 0.01, η2p = 0.23,
and a signiﬁcant interaction between hypnotisability and visual
media, F(3,38) = 8.60, p < 0.01, η2p = 0.19. Whereas highs overall
reported moderate ratings for the mirror and gave declining rat-
ings thereafter, lows reported consistently low ratings for all visual
media. There was no difference between suggestions and no inter-
actions between hypnotisability and suggestion (all Fs < 3.63,
all ps > 0.07, all η2ps < 0.09). Overall, this indicates that the
effects were limited to highs, effects declined somewhat over the
visual media, and there were no clear differences between the two
suggestions.
During the postexperimental inquiry, highs who passed the
suggestion described a compelling experience. When asked about
their experience of looking in the mirror, highs given the sugges-
tion for impaired self-face recognition made comments like, “It
just wasn’t me. I thought that if I looked in the mirror, I would
see me, but it didn’t look or feel like me.” Another high given
this suggestion said, “It was a bit bewildering actually . . . I was
looking at someone in there but I couldn’t register who it was. I
was confused. I thought, ‘Who is this person?”’ Highs given the
suggestion for impaired general-face recognition reported similar
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Table 2 |The postexperimental ratings of all participants regarding the extent to which they believed they were looking at a stranger in each of
the visual media.
Highs Lows
Impaired self-face Impaired general-face Impaired self-face Impaired general-face
Mirror 4.73 (1.49) 3.45 (2.02) 1.10 (0.32) 1.10 (0.32)
Photograph 3.73 (1.85) 2.55 (1.86) 1.10 (0.32) 1.70 (0.95)
Video 3.27 (1.49) 2.00 (1.84) 1.00 (0.00) 1.10 (0.32)
Handheld Mirror 2.36 (1.43) 1.91 (1.76) 1.00 (0.00) 1.00 (0.00)
Ratings were made on a scale of 1-7 (1 = not at all, 7 = completely). Standard deviations are in parentheses.
experiences. One high given this suggestion, for example, said, “It
was weird. I know when you look in the mirror, it’s meant to be
you, but it was just unfamiliar. I just didn’t recognize it was me.”
Another high given this suggestion said, “I actually felt like there
was actually another person in the mirror. That another person
was looking back at me. They felt familiar, but I didn’t know who
they were.”
When asked about the other visual media,many highs reported
similar experiences as when looking in the mirror. When describ-
ing the experience of looking at his photo, one high given the
suggestion for impaired self-face recognition said, “I remember
looking at it and being confused, like I was in the mirror. I felt
as if I should know who it was, but I didn’t.” Another high given
this suggestion described looking at her photo in a similar way: “I
eventually came to the conclusion that I had never seen this person
before. It was a similar experience to when I was looking in the
mirror.”When asked about the live video, highs said, “It felt weird,
very similar to the feeling I had when I looked in the mirror. It
just felt like I should be seeing me but it wasn’t me. Sort of famil-
iar, like feeling familiar with it, but also very unfamiliar.” Other
highs made comments like, “He looked very familiar. It looked
like the guy in the mirror” and “I didn’t think it looked like me.
It just felt like someone really foreign, someone I wasn’t familiar
with.”
When asked about the handheld mirror during the postexper-
imental inquiry, one high said he saw, “The same thing [as the
mirror]. Just familiar but unfamiliar. Not what I would normally
expect to see and feel.” The one high who received the suggestion
for impaired general-face recognition and maintained the delu-
sion reported that she did not remember her experiences looking
in themirror. Such unsuggested posthypnotic amnesia is rare (Hil-
gard and Cooper, 1965; Hilgard, 1966; Cooper, 1979), but was also
present in a participant in a previous experiment (Connors et al.,
2012b). The other high given this suggestion who was impaired on
the famous faces task described his experience as very compelling:
“I found it extremely difﬁcult. They both just looked famous, I
could not really tell. Sometimes I could tell them apart after a
while but sometimes I just had no clue who it was.” However,
these highs were in the minority; the majority of highs reported
recognizing the famous faces and recognizing themselves in the
handheld mirror.
A number of highs who did not show the delusion reported
that they had some difﬁculty recognizing themselves. Three highs
who received the suggestion for impaired general-face recognition
said that they were initially unsure who they were looking at. Two
of these highs said that they concluded it was them when they
noticed the person in the mirror was wearing the same clothes as
them, and the third said he recognized it was him when he saw
the person move at the same time as he did. Likewise, four highs
who displayed the delusion and failed to recognize themselves
in the mirror (two impaired self-face recognition, two impaired
general-face recognition) reported some initial difﬁculty recogniz-
ing themselves in the live video. These highs said they concluded
it was themselves because they recognized the room they were
in. A further three highs who experienced the delusion after the
suggestion for impaired self-face recognition said that they had
difﬁculty recognizing themselves in the handheld mirror but that
the fact that they were holding and controlling it led them to
believe it was themselves. Finally, one high (given the suggestion
for impaired self-face recognition) breached her delusion after the
hypnotist appeared next to her. This participant described hav-
ing difﬁculty reconciling her subjective experience with what she
knew to be true: “When you moved behind me, I realized it had
to be me in the mirror. I still had some doubts though. My expe-
rience was that I still didn’t think it was me, but logically it had to
be me.”
DISCUSSION
OVERVIEW
Both hypnotic suggestions disrupted the ability of highs to recog-
nize themselves in the mirror. Highs, however, showed a different
pattern of responses to the other visual media depending on the
nature of the suggestion received. When tested on their ability to
recognize themselves in other visual media, a proportion of highs
given the suggestion for impaired self-face recognition failed also
to recognize themselves in a photograph, in a live video, and in
a handheld mirror. In contrast, only one high who received the
suggestion for impaired general-face recognition failed to recog-
nize herself in other visual media. When tested on their ability to
recognize other faces using the famous faces task, no highs given
the suggestion for impaired self-face recognition were impaired,
whereas two highs given the suggestion for impaired general-face
recognition were impaired. Although these ﬁndings are obviously
limited by the small numbers of highs passing andmaintaining the
delusion, the ﬁndings show the potential for these two suggestions
to model different aspects of mirrored-self misidentiﬁcation.
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SELF-FACE RECOGNITION IN DIFFERENT VISUAL MEDIA
As in previous work (Connors et al., 2012a), a hypnotic suggestion
for impaired self-face recognition was able to recreate the surface
features of the mirrored-self misidentiﬁcation delusion. In partic-
ular, participants reported that their reﬂection was not themselves
and maintained this belief over time. The current experiment
extended previous ﬁndings by examining how participants with
the hypnotic delusion responded to different visual media. The
ﬁndings show that this suggestion affected the ability of some
highs to recognize themselves in other visual media, despite not
directly specifying this in the suggestion. As expected, however,
the suggestion for impaired self-face recognition did not impair
the ability of highs to recognize other people. Highs given this
suggestion correctly identiﬁed their lecturer’s photograph, iden-
tiﬁed the hypnotist in the mirror, and were not impaired in the
famous faces task. These highs also showed an intact procedu-
ral understanding of mirrors. These ﬁndings indicate hypnotic
suggestion might be able to selectively impair self-face recogni-
tion in some participants. Nevertheless, this pattern of responses
differs from some clinical patients with mirrored-self misidentiﬁ-
cation who often show more general deﬁcits in face processing
(Phillips et al., 1996; Breen et al., 2001; Van den Stock et al.,
2012).
This experiment used a new suggestion – a suggestion for
impaired general-face recognition. This suggestion for impaired
general-face recognition, however, did not seem to be as successful
at generating mirrored-self misidentiﬁcation as the original sug-
gestion. Fewer participants receiving this suggestion reported the
delusion than those receiving the original suggestion, although
this difference did not reach statistical signiﬁcance. The resulting
delusion also broke down quickly, leaving only one participant
who maintained the delusion through all the tests. This partic-
ipant failed to recognize herself or other people in any of the
different visual tests, yet showed an intact procedural understand-
ing of mirrors. Although limited by the single participant, this
high demonstrates that it is possible to generate a general face
processing deﬁcit using hypnotic suggestion. Importantly, two
highs given the suggestion for impaired general-face processing
were impaired on the famous faces task. These participants per-
formed at a level very similar to patients with prosopagnosia, a
condition in which participants have difﬁculty recognizing faces
(Behrmann and Avidan, 2005; Rivolta et al., 2013) and show
impairments in recognizing famous faces in forced choice tasks
(Young and De Haan, 1988; Rivolta et al., 2012). Unlike patients,
however, these two participants showed no sign of impairment
once the suggestion was canceled. These ﬁndings indicate that
hypnotic suggestion can create a general face processing deﬁcit
that can be measured on a formal neuropsychological test. The
ﬁndings are consistent with Oakley and Halligan (2013), who
used hypnotic suggestion to model prosopagnosia in a single par-
ticipant. The current experiment replicated these ﬁnding using
a more stringent, forced-choice measure, though only in two
participants. Together, these ﬁndings indicate that hypnotic sug-
gestion may be able to disrupt face processing in certain high
hypnotisable participants. However, the fact that only 18% of
highs given this suggestion showed this deﬁcit reveals the difﬁ-
culty of this type of hypnotic suggestion (as a comparison, 23%
of highs in this experiment passed the suggestion for negative
visual hallucination – to not see a speciﬁc object – in the SHSS:C;
this suggestion is known to be difﬁcult even for highs; Hilgard,
1965).
Other factors may have also prevented some participants from
responding to the suggestion for impaired general-face recogni-
tion. Three participants reported in the postexperimental inquiry
that they felt anxious when they heard this suggestion and were
worried about what it would be like to not recognize faces. None
of these participants experienced the delusion and it is possible
that their anxiety interfered with their response to the suggestion.
A fourth participant reported in the postexperimental inquiry that
she had difﬁculty imagining what it would be like to not recog-
nize faces. This participant likewise did not develop the delusion
and it is possible that her difﬁculty anticipating the effects of the
suggestion prevented her from responding. Overall, these ﬁndings
highlight a limitation of using hypnosis to model clinical condi-
tions. Responses are affected by factors such as the participants’
expectations and interpretations, as well as the relative difﬁculty
of the suggestion. It is thus not the verbatim suggestion, but the
participants’ interpretation of the suggestion and ability to expe-
rience it that shapes their response (McConkey, 1991, 2008). It
is important to consider these factors when designing a hypnotic
analog (see Connors et al., 2012b).
For both suggestions, a proportion of highs breached the hyp-
notic delusion during the visual tests. The visual tests, although
not designed to challenge participants’ hypnotic experiences, pro-
vided accumulating evidence against the hypnotic delusion and
this may have led some highs to breach their delusion. As
a result, it is difﬁcult to compare the different tests because
they were given in a single order that was designed to mini-
mize breaching. However, the fact that some highs breached the
delusion is consistent with previous research, which found that
directly challenging the hypnotic delusion with confronting evi-
dence led some participants to breach the delusion and report
seeing themselves in the mirror (Connors et al., 2012a). The
ﬁnding is also consistent with research that has found that a pro-
portion of highs experiencing a hypnotic delusion (Noble and
McConkey, 1995; Cox and Barnier, 2009) or posthypnotic amne-
sia (Kihlstrom et al., 1980; McConkey and Sheehan, 1981; Coe,
1989; Coe and Sluis, 1989) breach their experience in response
to challenges. Hypnotic effects require participants to resolve the
conﬂict between objective reality and the suggested experience
(McConkey, 1983; Mallard and Bryant, 2006). Challenges both
draw attention to and increase this conﬂict, leading some partic-
ipants to breach the suggested effect. Nevertheless, a proportion
of highs maintain their hypnotic responses in the face of con-
fronting evidence and an important question for future research
is whether particular individual differences predict whether par-
ticipants maintain or breach their hypnotic experience (Connors
et al., 2014).
HETEROGENEITY IN RESPONSES
As in previous work (Connors et al., 2012a), hypnotized par-
ticipants displayed considerable variation in their responses to
hypnotic suggestions and this variation corresponds to hetero-
geneity seen in clinical reports. Both hypnotized participants and
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clinical patients, for example, vary in the extent to which they rec-
ognized themselves in photographs, video, and handheld mirrors
(Biringer et al., 1991; Breen et al., 2001; Connors and Coltheart,
2011). For both hypnotized participants and clinical patients, it is
likely that the speciﬁc properties of the different visualmedia inﬂu-
ence self-recognition. These properties may, in part, explain why
some participants (and patients) recognize themselves in some
visual media but not in others. Mirrors, for example, offer move-
ment and depth cues that are not present in photographs. As a
result, mirrors provide a highly realistic image that could be con-
fused with a real person, whereas photographs provide a static,
two-dimensional image that is unlikely to be confused in the same
way (see also Butler et al., 2012; Suddendorf and Butler, 2013). In
a similar way, a handheld mirror shows just the face in its narrow
ﬁeld of vision and is accompanied with greater physical control of
the visual image than a larger mirror on the wall. All these cues
could lead some participants and patients to identify themselves in
a handheld mirror, despite being unable to identify themselves in a
largermirror on thewall and a clear understanding of howmirrors
operate.
A large part of the variability, however, may also originate
from the participants and patients themselves. Within the hyp-
notic model, for example, there are a number of sources of
variation. Highs might interpret the same verbal suggestion in
different ways to each other (see McConkey, 1991, 2008) and/or
differ in their ability to experience speciﬁc types of hypnotic effects
(see Woody et al., 2005). As a result, they may have different
responses to the visual media. Highs also could use different cog-
nitive strategies to experience the suggestion and this could lead
to different responses (McConkey, 1991, 2008; McConkey and
Barnier, 2004). Previous research, for example, has shown that
highs using a constructive strategy (in which they actively use
cognitive strategies to experience the hypnotic suggestion) were
more likely to pass a suggestion for hypnotic blindness than par-
ticipants using a concentrative strategy (in which they focused
on the hypnotist’s words; Bryant and McConkey, 1990). In addi-
tion, highs could vary in terms of how completely they respond
to the suggestion (see Spanos, 1986). Cognitive-delusory sugges-
tions tend to be more difﬁcult to experience, even for highs, and
highs could vary in their ability to generate a compelling and vivid
experience.
In the clinical delusion, there are a number of other sources
of variation. The variability, for example, could be due to the
speciﬁc aspects of face processing that are impaired (see Lang-
don, 2011). The inﬂuential model of face processing by Bruce and
Young (1986) holds that face processing involves a sequence of
stages. These stages include encoding the structural properties of
a face, experiencing a sense of familiarity if the face is known,
accessing semantic information about the person, and naming the
person. Patients who only have impairment at a late stage of face
processing (such as in accessing semantic information or nam-
ing) may still experience a sense of familiarity when looking at
images of themselves in some media. This sense of familiarity
could provide the basis of self-face recognition in these instances
(seeMandler, 1980). In contrast, patientswhohavemore pervasive
impairments or impairment at an earlier stage of face processing
(such as in encoding the structural properties of faces) may fail to
experience even this sense of familiarity when looking at images of
themselves. As a result, these patients may fail to recognize them-
selves in allmedia. Future research could investigate this possibility
by directly testing clinical patients and potentially also by using
hypnotic models.
IMPLICATIONS AND FUTURE DIRECTIONS
The current study has a number of limitations that could be
addressed in future work. Given the signiﬁcant variability evi-
dent among participants, larger sample sizes will be required to
fully deﬁne the nature of the face-perception deﬁcits and exam-
ine the role of individual differences. Future research could also
formally test for both familiarity and recognition, use other
types of face processing tests, and use larger numbers of tri-
als to detect smaller effects. In addition, future research could
examine the speciﬁc visual cues that participants use to recog-
nize themselves in different media. Research, for example, could
vary the size of the image in each media, use time delayed
video footage to remove contingency cues, and disguise the video
monitor as a mirror by placing a frame around it to alter expec-
tations associated with the medium. As mirrors present images
in a different orientation to photographs, reversing the axis of
left and right, future research could also examine the role of
this visual transformation by presenting photographs of par-
ticipants and famous faces in this orientation. Finally, given
that several participants suggested that their anxiety might have
prevented them from experiencing the impaired general-face
recognition suggestion, future research could consider revising
the wording of this particular suggestion to make it appear
more benign. This could be done, for example, by emphasiz-
ing that the effect would only be temporary and by suggesting
that participants might ﬁnd the experience both pleasant and
interesting.
In addition to these issues, we acknowledge a number of impor-
tant differences between clinical delusions and hypnotic models.
Clinical delusions are functionally disruptive, and typically endure
for long periods of time and across different contexts. In con-
trast, hypnotic delusions are short-lived, highly contextualized,
and limited to the laboratory (see Barnier et al., 2008; Cox and
Barnier, 2010). These differences between clinical and hypnoti-
cally suggested delusions obviously limit the ability to generalize
experimental ﬁndings to clinical patients. For example, the longer
duration of clinical delusions may lead to more extensive elab-
oration of the delusion, compared to the shorter exposure in
otherwise healthy controls and where delusions are observed
at their inception. Indeed, clinical patients with mirrored-self
misidentiﬁcation can often seem accustomed, even indifferent,
to the stranger and attribute names and details to them (Breen
et al., 2001). In contrast, many hypnotized participants appear
surprised or shocked to see a stranger in the mirror and report
not having seen the person before or knowing who they are. This
difference in timeframe may be useful to simulate the experiences
of patients when their delusion ﬁrst forms, which is usually not
possible to study directly in clinical patients. It is also impor-
tant to note, though, that some aspects of the delusion may
not be captured in the hypnotic model as they may require
the persistence of the experience over long periods of time and
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across different contexts. It is also important to recognize that,
despite our focus on a monothematic delusion, many patients
reporting this belief may experience other clinically related symp-
toms as a result of their overall condition (see Brodaty et al.,
2013a,b).
Despite these differences, speciﬁc hypnotic suggestions could
be used to test theoretical accounts of other clinical delusions.
Other delusions, such as Capgras (the belief that a loved one is
replaced by a visually similar impostor) and Frégoli (the belief
that familiar people are following one around in disguise), may
be due, in part, to disorders in face processing (Ellis and Young,
1990; see also Coltheart et al., 2011; Langdon, 2011). In Capgras
delusion, loss of autonomic responsiveness to faces may lead to
the idea that a known person has been replaced by an impos-
tor. In Frégoli delusion, heightened autonomic responsiveness
to faces may lead to the idea that strangers are known people
in disguise. Future research could use hypnotic suggestion to
manipulate face processing and model these other clinical delu-
sions. According to Langdon and Coltheart’s (2000) two-factor
theory, a deﬁcit in belief evaluation is also necessary for a delu-
sion to form. In other research we have conducted (Connors
et al., 2012a, 2013), we have found that a hypnotic induction
can model this Factor 2 and speciﬁcally disrupt belief evalua-
tion. It remains possible, however, that some individuals may not
need to have a deﬁcit in belief evaluation hypnotically induced
in order to accept a suggestion for a delusional belief (Connors
et al., 2013). In particular, pre-existing differences in the belief
evaluation process could themselves act as Factor 2 and predis-
pose certain individuals to delusions. Within hypnosis, there is
also some evidence of variability in how highs rate their subjec-
tive experiences of a hypnotic induction (Terhune and Cardeña,
2010) and in how they objectively respond to suggestions follow-
ing different types of hypnotic inductions (Brown et al., 2001). An
important direction for future research, therefore, is to character-
ize the nature of Factor 2 in both clinical patients and hypnotic
analog.
Hypnotic suggestions can also be used to investigate face pro-
cessing independently of delusional belief. Speciﬁc suggestions
can be designed to selectively impair speciﬁc stages of face pro-
cessing within cognitive models. Adopting Bruce and Young’s
(1986) inﬂuential account, for example, a suggestion to not be
able to discriminate features in faces could disrupt the struc-
tural encoding of faces, a suggestion to not recognize familiar
faces could disrupt face recognition units that represent pre-
viously seen faces, and a suggestion to not be able to recall
personal information about faces could disrupt the person iden-
tity nodes that link recognized faces to knowledge about the
people. The ability to produce these effects on demand makes
hypnotic suggestion particularly suited to neuroimaging (Oak-
ley and Halligan, 2009, 2013; Woody and Szechtman, 2011).
Future research could examine the underlying functional neu-
roanatomy and altered functional connectivity associated with
hypnotic disruptions to face processing. Such investigations have
the potential to inform neural models of face processing (see
Gobbini and Haxby, 2007; Haxby and Gobbini, 2011; Kanwisher
and Barton, 2011). While it is important to carefully screen
participants both on their hypnotisability and their ability to
experience these speciﬁc suggestions in order to carry out such
research, hypnotic suggestion provides a unique means of exam-
ining how higher-order cognitive processes inﬂuence different
stages of face perception. As such, hypnosis offers considerable
promise as a methodology to study both face perception and its
pathologies.
ACKNOWLEDGMENTS
We are grateful to Graham Jamieson, John Kihlstrom, and
Andrew Young for helpful comments on an earlier version of this
manuscript. We are also grateful to Jocelyn Elliott and Talia Morris
for their research assistance. This research was supported by the
AustralianResearchCouncilCentre of Excellence inCognition and
itsDisorders (CE110001021). DavideRivoltawas supported by the
LOWE grant Neuronale Koordination Forschungsschwerpunkt
Frankfurt (NeFF).
REFERENCES
Barnier, A. J., Cox, R. E., Connors, M., Langdon, R., and Coltheart, M.
(2011). A stranger in the looking glass: developing and challenging a hypnotic
mirrored-self misidentiﬁcation delusion. Int. J. Clin. Exp. Hypn. 59, 1–26. doi:
10.1080/00207144.2011.522863
Barnier, A. J., Cox, R. E., O’Connor, A., Coltheart, M., Langdon, R.,
Breen, N., et al. (2008). Developing hypnotic analogues of clinical delu-
sions: mirrored-self misidentiﬁcation. Cogn. Neuropsychiatry 13, 406–430. doi:
10.1080/13546800802355666
Behrmann, M., and Avidan, G. (2005). Congenital prosopagnosia: face-blind from
birth. Trends Cogn. Sci. 9, 180–187. doi: 10. 1016/j.tics.2005.02.011
Biringer, F., Strubel, D., andAnderson, J. R. (1991). La reconnaissance de soi chez des
personnes âgées atteintes d’un syndrome démentiel [Self-recognition in elderly
people with dementia]. Psychol. Méd. 23, 257–260.
Breen, N., Caine, D., and Coltheart, M. (2001). Mirrored-self misidentiﬁcation:
Two cases of focal onset dementia. Neurocase 7, 239–254. doi: 10.1093/neucas/7.
3.239
Brodaty, H., Connors, M. H., Pond, D., Cumming, A., and Creasey, H. (2013a).
Dementia: 14 essentials of assessment and care planning. Med. Today 14, 18–27.
Brodaty, H., Connors, M. H., Pond, D., Cumming, A., and Creasey, H. (2013b).
Dementia: 14 essentials of management. Med. Today 14, 29–41.
Brown, R. J., Antonova, E., Langley, A., and Oakley, D. A. (2001). The effects of
absorption and reduced critical thought on suggestibility in an hypnotic context.
Contemp. Hypn. 18, 62–72. doi: 10.1002/ch.220
Bruce, V., and Young, A. W. (1986). Understanding face recognition. Br. J. Psychol.
77, 305–327. doi: 10.1111/j.2044-8295.1986.tb02199.x
Bryant, R. A., and Mallard, D. (2003). Seeing is believing: the reality of hypnotic hal-
lucinations. Conscious. Cogn. 12, 219–230. doi: 10.1016/s1053-8100(03)00003-5
Bryant, R. A., and McConkey, K. M. (1990). Hypnotic blindness and the relevance of
cognitive style. J. Pers. Soc. Psychol. 59, 756–761. doi: 10.1037/0022-3514.59.4.756
Bryant, R. A., and McConkey, K. M. (1999). Functional blindness. A construc-
tion of cognitive and social inﬂuences. Cogn. Neuropsychiatry 4, 227–241. doi:
10.1080/135468099395945
Butler, D. L., Mattingley, J. B., Cunnington, R., and Suddendorf, T. (2012). Mirror,
mirror on the wall, how does my brain recognize my image at all? PLoS ONE
7:e31452. doi: 10.1371/journal.pone.0031452
Coe, W. C. (1989). “Posthypnotic amnesia: Theory and research,” in Hypnosis: The
Cognitive-Behavioral Perspective, eds N. P. Spanos and J. F. Chaves (Buffalo, NY:
Prometheus Books), 110–148.
Coe, W. C., and Sluis, A. S. (1989). Increasing contextual pressures to breach
posthypnotic amnesia. J. Pers. Soc. Psychol. 57, 885–894. doi: 10.1037/0022-
3514.57.5.885
Coltheart, M. (2010). The neuropsychology of delusions. Ann. N. Y. Acad. Sci. 1191,
16–26. doi: 10.1111/j.1749-6632.2010.05496.x
Coltheart, M., Langdon, R., and McKay, R. (2011). Delusional belief. Annu. Rev.
Psychol. 62, 271–298. doi: 10.1146/annurev.psych.121208.131622
Connors, M. H. (2012). Virtual patients in the hypnosis laboratory. Psychologist 25,
786–789.
Frontiers in Human Neuroscience www.frontiersin.org June 2014 | Volume 8 | Article 361 | 10
Connors et al. Hypnotic mirrored-self misidentiﬁcation
Connors, M. H., Barnier, A. J., Coltheart, M., Cox, R. E., and Langdon, R.
(2012a). Mirrored-self misidentiﬁcation in the hypnosis laboratory: recreating
the delusion from its component factors. Cogn. Neuropsychiatry 17, 151–176.
doi: 10.1080/13546805.2011.582287
Connors, M. H., Cox, R. E., Barnier, A. J., Langdon, R., and Coltheart, M.
(2012b). Mirror agnosia and the mirrored-self misidentiﬁcation delusion: a hyp-
notic analogue. Cogn. Neuropsychiatry 17, 197–226. doi: 10.1080/13546805.2011.
582770
Connors, M. H., Barnier, A. J., Langdon, R., Cox, R. E., Polito, V., and Coltheart, M.
(2013). A laboratory analogue of mirrored-self misidentiﬁcation delusion: The
role of hypnosis, suggestion, and demand characteristics. Conscious. Cogn. 22,
1510–1522. doi: 10.1016/j.concog.2013.10.006
Connors, M. H., Barnier, A. J., Langdon, R., Cox, R. E., Polito, V., and Coltheart, M.
(in press-a). Delusions in the hypnosis laboratory: modelling different pathways
to mirrored-self misidentiﬁcation. Psychol. Conscious. Theory Res. Pract. doi:
10.1037/css0000001
Connors, M. H., Langdon, R., and Coltheart, M. (in press-b). “Misidentiﬁcation
delusions,” in Troublesome Disguises: Undiagnosed Psychiatric Syndromes, 2nd
Edn, eds D. Bhugra, S. Gupta, and G. S. Malhi (Oxford: Wiley-Blackwell).
Connors, M. H., and Coltheart, M. (2011). On the behaviour of senile
dementia patients vis-à-vis the mirror: Ajuriaguerra, Strejilevitch, and Tissot
(1963). Neuropsychologia 49, 1679–1692. doi: 10.1016/j.neuropsychologia.2011.
02.041
Connors, M. H., Halligan, P. W., Barnier, A. J., Langdon, R., Cox, R., Elliott, J.,
et al. (2014). Hypnotic analogues of delusions: The role of delusion proneness
and schizotypy. Personal. Individ. Differen. 57, 48–53. doi: 10.1016/j.paid.2013.
09.012
Cooper, L. M. (1979). “Hypnotic amnesia,” in Hypnosis: Developments in Research
and New Perspectives, eds E. Fromm and R. E. Shor, 2nd Edn (New York, NY:
Aldine Publishing Company), 304–349.
Cox, R. E., and Barnier, A. J. (2009). Hypnotic illusions and clinical delusions: a
hypnotic paradigm for investigating delusions of misidentiﬁcation. Int. J. Clin.
Exp. Hypnosis 57, 1–32. doi: 10.1080/00207140802463419
Cox, R. E., and Barnier, A. J. (2010). Hypnotic illusions and clinical delu-
sions: hypnosis as a research method. Cogn. Neuropsychiatry 15, 202–232. doi:
10.1080/13546800903319884
Crawford, H. J., and Allen, S. N. (1983). Enhanced visual memory during hypnosis
as mediated by hypnotic responsiveness and cognitive strategies. J. Exp. Psychol.
Gen. 112, 662–685. doi: 10.1037/0096-3445.112.4.662
Deeley, Q., Oakley, D. A., Toone, B., Giampietro, V., Brammer, M. J., Williams,
S. C. R., et al. (2012). Modulating the default mode network using hyp-
nosis. Int. J. Clin. Exp. Hypn. 60, 206–228. doi: 10.1080/00207144.2012.
648070
Ellis, H. D., and Florence, M. (1990). Bodamer’s (1947) paper on prosopagnosia.
Cogn. Neuropsychol. 7, 81–105. doi: 10.1080/02643299008253437
Ellis, H. D., and Young, A. W. (1990). Accounting for delusional misidentiﬁcations.
Br. J. Psychiatry 157, 239–248. doi: 10.1192/bjp.157.2.239
Feinberg, T. E. (2001). Altered Egos: How the Brain Creates the Self. New York, NY:
Oxford University Press.
Gilboa, A. (2010). Strategic retrieval, confabulations, and delusions: theory and
data. Cogn. Neuropsychiatry 15, 145–180. doi: 10.1080/13546800903056965
Gluckman, L. K. (1968). A case of Capgras syndrome. Aust. N. Zeal. J. Psychiatry 2,
39–43. doi: 10.3109/00048676809159206
Gobbini, M. I., and Haxby, J. V. (2007). Neural systems for recognition of familiar
faces. Neuropsychologia 45, 32–41. doi: 10.1016/j.neuropsychologia.2006.04.015
Haxby, J. V., and Gobbini, M. I. (2011). “Distributed neural systems for face percep-
tion,” in The Oxford Handbook of Face Perception, eds A. J. Calder, G. Rhodes, M.
Johnson, and J. V. Haxby (Oxford: Oxford University Press), 93–110.
Hilgard, E. R. (1965). Hypnotic Susceptibility. New York, NY: Harcourt, Brace and
World.
Hilgard, E. R. (1966). Posthypnotic amnesia: experiments and theory. Int. J. Clin.
Exp. Hypn. 14, 104–111. doi: 10.1080/00207146608412953
Hilgard, E. R., and Cooper, L. M. (1965). Spontaneous and suggested posthypnotic
amnesia. Int. J. Clin. Exp. Hypn. 13, 261–273. doi: 10.1080/00207146508412948
Kanwisher, N., and Barton, J. J. S. (2011). “The functional architecture of the face
system: integrating evidence from fMRI and patient studies,” inThe Oxford Hand-
book of Face Perception, eds A. J. Calder, G. Rhodes, M. Johnson, and J. V. Haxby
(Oxford: Oxford University Press), 111–129.
Kihlstrom, J. F. (1979). Hypnosis and psychopathology: Retrospect and prospect.
J. Abnorm. Psychol. 88, 459–473. doi: 10.1037/0021-843X.88.5.459
Kihlstrom, J. F. (1985). Hypnosis. Annu. Rev. Psychol. 36, 385–418. doi:
10.1146/annurev.ps.36.020185.002125
Kihlstrom, J. F. (2007). “Consciousness in hypnosis,” in The Cambridge Hand-
book of Consciousness, eds P. D. Zelazo, M. Moscovitch, and E. Thompson (New
York, NY: Cambridge University Press), 445–479. doi: 10.1017/CBO97805118167
89.018
Kihlstrom, J. F., Evans, F. J., Orne, E. C., and Orne, M. T. (1980). Attempt-
ing to breach posthypnotic amnesia. J. Abnorm. Psychol. 89, 603–616. doi:
10.1037/0021-843X.89.5.603
Kihlstrom, J. F., and Hoyt, I. P. (1988). “Hypnosis and the psychology of delusions,”
in Delusional Beliefs, eds T. M. Oltmanns and B. A. Maher (New York, NY: John
Wiley and Sons), 66–109.
Kumakura, T. (1982). The mirror sign in presenile and senile dementias (especially
Alzheimer-type dementia). Seishin Shinkeigaku Zasshi 84, 307–335.
Langdon, R. (2011). “Delusions and faces,” in The Oxford Handbook of Face Per-
ception, eds A. Calder, G. Rhodes, M. Johnson, and J. Haxby (Oxford: Oxford
University Press), 877–892.
Langdon, R., andColtheart,M. (2000). The cognitive neuropsychology of delusions.
Mind Lang. 15, 184-218. doi: 10.1111/1468-0017.00129
Lifshitz, M., Aubert Bonn, N., Fischer, A., Kashem, I. F., and Raz, A. (2013). Using
suggestion tomodulate automatic processes: fromStroop toMcGurk and beyond.
Cortex 49, 463–473. doi: 10.1016/j.cortex.2012.08.007
Mallard, D., and Bryant, R. A. (2006). Hypnotic conﬂict: a brief report. Int. J. Clin.
Exp. Hypn. 54, 292–302. doi: 10.1080/00207140600689496
Mandler, G. (1980). Recognizing: the judgment of previous occurrence. Psychol.
Rev. 87, 252–271. doi: 10.1037/0033-295X.87.3.252
McConkey, K. M. (1983). The impact of conﬂicting communications on response
to hypnotic suggestion. J. Abnorm. Psychol. 92, 351–358. doi: 10.1037/0021-
843X.92.3.351
McConkey,K.M. (1991).“The construction and resolutionof experience andbehav-
ior in hypnosis,” in Theories of Hypnosis: Current Models and Perspectives, eds S. J.
Lynn and J. W. Rhue (New York, NY: Guilford Press), 542–564.
McConkey, K. M. (2008). “Generations and landscape of hypnosis: questions we’ve
asked, questions we should ask,” in The Oxford Handbook of Hypnosis: Theory,
Research and Practice, edsM. R.Nash andA. J. Barnier (Oxford: OxfordUniversity
Press), 53–77.
McConkey, K. M., and Barnier, A. J. (2004). “High hypnotizability: unity and diver-
sity in behaviour and experience,” in The Highly Hypnotizable Person: Theoretical,
Experimental and Clinical Issues, eds M. Heap, R. J. Brown, and D. A. Oakley (East
Sussex: Brunner-Routledge), 61–84.
McConkey, K., and Sheehan, P. W. (1981). The impact of videotape playback of
hypnotic events on posthypnotic amnesia. J. Abnorm. Psychol. 90, 46–54. doi:
10.1037/0021-843X.90.1.46
Noble, J., and McConkey, K. M. (1995). Hypnotic sex change: creating and
challenging a delusion in the laboratory. J. Abnorm. Psychol. 104, 69–74. doi:
10.1037/0021-843X.104.1.69
Oakley, D. A. (2008). “Hypnosis, trance, and suggestion: Evidence from neuroimag-
ing,” in The Oxford Handbook of Hypnosis: Theory, Research and Practice, eds M.
R. Nash and A. J. Barnier (Oxford: Oxford University Press), 365–392.
Oakley, D. A., and Halligan, P. W. (2009). Hypnotic suggestion and cognitive
neuroscience. Trends Cogn. Sci. 13, 264–270. doi: 10.1016/j.tics.2009.03.004
Oakley, D. A., and Halligan, P. W. (2013). Hypnotic suggestion: opportunities for
cognitive neuroscience. Nat. Rev. Neurosci. 14, 565–576. doi: 10.1038/nrn3538
Phillips, M. L., Howard, R., and David, A. (1996). “Mirror, mirror on the wall,
who...?”: towards a model of visual self-recognition. Cogn. Neuropsychiatry 1,
153–164. doi: 10.1080/135468096396613
Priftis, K., Schiff, S., Tikhonoff, V., Giordano, N., Amodio, P., Umiltà,
C., et al. (2011). Hypnosis meets neuropsychology: simulating visuospa-
tial neglect in healthy participants. Neuropsychologia 49, 3346–3350. doi:
10.1016/j.neuropsychologia.2011.08.008
Rainville, P.,Hofbauer, R.K., Bushnell,M.C.,Duncan,G.H., andPrice,D.D. (2002).
Hypnosis modulates activity in brain structures involved in the regulation of
consciousness. J. Cogn. Neurosci. 14, 887–901. doi: 10.1162/089892902760191117
Rivolta, D., Palermo, R., and Schmalzl, L. (2013). What is overt and what is covert in
congenital prosopagnosia? Neuropsychol. Rev. 23, 111–116. doi: 10.1007/s11065-
012-9223-0
Frontiers in Human Neuroscience www.frontiersin.org June 2014 | Volume 8 | Article 361 | 11
Connors et al. Hypnotic mirrored-self misidentiﬁcation
Rivolta, D., Palermo, R., Schmalzl, L., and Coltheart, M. (2012). Covert face recog-
nition in congenital prosopagnosia: a group study. Cortex 48, 344–352. doi:
10.1016/j.cortex.2011.01.005
Rivolta, D., Schmalzl, L., Coltheart, M., and Palermo, R. (2010). Semantic
information can facilitate covert face recognition in congenital prosopag-
nosia. J. Clin. Exp. Neuropsychol. 32, 1002–1016. doi: 10.1080/13803391003
662710
Sharot, T., Korn, C. W., and Dolan, R. J. (2011). How unrealistic optimism
is maintained in the face of reality. Nat. Rev. Neurosci. 14, 1475–1479. doi:
10.1038/nn.2949
Shor, R. E. (1959). Hypnosis and the concept of the generalized reality-orientation.
J. Psychother. 13, 582–602.
Shor, R. E., and Orne, E. C. (1962). Harvard Group Scale of Hypnotic Susceptibility,
Form A. Palo Alto, CA: Consulting Psychologists Press.
Spangenberg, K. B., Wagner, M. T., and Bachman, D. L. (1998). Neuropsycho-
logical analysis of a case of abrupt onset mirror sign following a hypoten-
sive crisis in a patient with vascular dementia. Neurocase 4, 149–154. doi:
10.1080/13554799808410616
Spanos, N. P. (1986). Hypnotic behavior: a social-psychological interpretation
of amnesia, analgesia, and “trance logic.” Behav. Brain Sci. 9, 449–467. doi:
10.1017/S0140525X00046537
Suddendorf, T., and Butler, D. L. (2013). The nature of visual self-recognition.
Trends Cogn. Sci. 17, 121–127. doi: 10.1016/j.tics.2013.01.004
Szechtman, H., Woody, E., Bowers, K. S., and Nahmias, C. (1998). Where the
imaginal appears real: a positron emission tomography study of auditory hal-
lucinations. Proc. Natl. Acad. Sci. U.S.A. 95, 1956–1960. doi: 10.1073/pnas.95.
4.1956
Terhune, D. B., and Cardeña, E. (2010). Differential patterns of spontaneous experi-
ential response to a hypnotic induction: a latent proﬁle analysis. Conscious. Cogn.
19, 1140–1150. doi: 10.1016/j.concog.2010.03.006
Turner, M., and Coltheart, M. (2010). Confabulation and delusion: a com-
mon monitoring framework. Cogn. Neuropsychiatry 15, 346–376. doi:
10.1080/13546800903441902
Van den Stock, J., de Gelder, B., De Winter, F.-L., Van Laere, K., and Vandenbulcke,
M. (2012). A strange face in the mirror. Face-selective self-misidentiﬁcation in
a patient with right lateralized occipito-temporal hypo-metabolism. Cortex 48,
1088–1090. doi: 10.1016/j.cortex.2012.03.003
Villarejo, A., Martin, V. P., Moreno-Ramos, T., Camacho-Salas, A., Porta-Etessam,
J., and Bermejo-Pareja, F. (2011). Mirrored-self misidentiﬁcation in a patient
without dementia: evidence for right hemisphere andbifrontal damage. Neurocase
17, 276–284. doi: 10.1080/13554794.2010.498427
Weitzenhoffer, A. M., and Hilgard, E. R. (1962). Stanford Hypnotic Susceptibility
Scale, Form C. Palo Alto, CA: Consulting Psychologists Press.
Woody, E. Z., Barnier,A. J., and McConkey, K. M. (2005). Multiple hypnotizabilities:
Differentiating the building blocks of hypnotic response. Psycholog. Assess. 17,
200–211. doi: 10.1037/1040-3590.17.2.200
Woody, E., and Szechtman, H. (2000). Hypnotic hallucinations and yedasentience.
Contemp. Hypnosis 17, 26–31. doi: 10.1002/ch.189
Woody, E., and Szechtman, H. (2011). Using hypnosis to develop and test models
of psychopathology. J. Mind Body Regulat. 1, 4–16.
Young, A. W., and De Haan, E. H. F. (1988). Boundaries of covert
recognition in prosopagnosia. Cogn. Neuropsychol. 5, 317–336. doi:
10.1080/02643298808252938
Conflict of Interest Statement: The authors declare that the researchwas conducted
in the absence of any commercial or ﬁnancial relationships that could be construed
as a potential conﬂict of interest.
Received: 09 October 2013; accepted: 11 May 2014; published online: 18 June 2014.
Citation: Connors MH, Barnier AJ, Coltheart M, Langdon R, Cox RE, Rivolta D and
Halligan PW (2014) Using hypnosis to disrupt face processing: mirrored-self misiden-
tiﬁcation delusion and different visual media. Front. Hum. Neurosci. 8:361. doi:
10.3389/fnhum.2014.00361
This article was submitted to the journal Frontiers in Human Neuroscience.
Copyright © 2014 Connors, Barnier, Coltheart, Langdon, Cox, Rivolta and Halligan.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) or licensor are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
Frontiers in Human Neuroscience www.frontiersin.org June 2014 | Volume 8 | Article 361 | 12
